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Activities of alkaline phosphatase, aspartate aminotransferase and alanine 
aminotransferase, and concentrations of serum metabolites [beta-hydroxybutyrate 
(BHB) and non-esterified fatty acids (NEFA)] of primiparous (n = 83) and mul-
tiparous (n = 213) Holstein cows were studied as possible predictors of retained 
fetal membranes (RFM), grade 2 clinical metritis (CM) and clinical endometritis 
(CEM). A logistic regression model was used to calculate odds ratios (OR) for the 
prevalence of CM diagnosed between 0–5, 6–10 and 11–20 days in milk (DIM) 
and for the prevalence of CEM diagnosed between 22–28 and 42–49 DIM. The 
activities of the examined serum enzymes did not show significant associations 
either with CM or with CEM. For NEFA sampled on days 0 and 5, an OR of 2.38 
for CM 0–20 DIM and an OR of 2.58 for CM 11–20 DIM was found. For BHB 
sampled on days 0 and 5, an OR of 8.20 for CEM 22–28 and 42–49 DIM and an 
OR of 1.98 for CM 6–10 DIM were found. The prevalence of RFM was higher in 
≥ 4 parity cows compared to primiparous cows (46.3% vs. 26.5%). BHB and 
NEFA levels measured between 0 and 5 DIM could have a predictive ability for 
postpartum uterine disorders such as RFM, CM and CEM.  
Key words: Dairy cow, clinical (endo)metritis, NEFA, BHB, negative en-
ergy balance 
Grade 2 clinical (puerperal) metritis (CM) is one of the uterine diseases 
negatively affecting reproductive performance, and cows with a history of CM 
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have a higher risk of disease recurrence. Affected cows have lower milk yield, 
higher number of days to first oestrus, longer days open and higher number of 
services compared to healthy ones (LeBlanc, 2014; Szenci et al., 2018). Culling 
rates of 30, 53.3 and 100% were seen among cows affected by CM once, twice 
or three times during three consecutive lactations, respectively. It has also been 
shown that cows affected with clinical endometritis (CEM) are 1.7 times more 
likely to be culled because of reproductive failure than healthy cows (Dawod and 
Min, 2014). Prevalence rates of 5–20% of CM and 5–25% of CEM have been 
reported (LeBlanc, 2014). 
Dystocia, stillbirth, twinning, retained fetal membranes (RFM), decreased 
feed intake, and negative energy balance (NEB) increase the risk of uterine infec-
tions (Dubuc et al., 2010; Esposito et al., 2014). Fat mobilisation due to NEB 
might increase the blood serum level of non-esterified fatty acids (NEFA) and 
beta-hydroxybutyrate (BHB) (Adewuyi et al., 2016), contributing to the situation 
that at least 50% of all postpartum cows may show subclinical ketosis during 
their first month of lactation (Esposito et al., 2014). Besides the fact that the dep-
osition of lipids in the liver increases during NEB due to high NEFA levels, in-
adequate export of lipids (especially triglycerides) from the liver probably plays 
a more important role in the development of fatty liver than the increased inflow 
of NEFA (Chamberlin et al., 2013). Therefore, the activities of enzymes such as 
alkaline phosphatase (ALP), aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) show significant increases in the blood from calving until 7 
to 8 weeks postpartum (Liu et al., 2012). 
The present study investigated whether ALP, ALT, AST, BHB and NEFA 
could be possible predictors of postparturient CM or CEM. 
A total of 296 postparturient Holstein-Friesian cows (primiparous: n = 83 
and multiparous: n = 213) were studied at a large-scale dairy farm. The operation 
procedure for the calving pen has been described recently (Buják et al., 2018; 
Szenci et al., 2019). Blood samples were taken from the coccygeal vein into 9-ml 
S-Monovette tubes (Sarstedt, Nümbrecht-Rommelsdorf, Germany) immediately 
after calving (sample d0), 24 h after calving (sample d1) and on 5 DIM (sample 
d5). Samples were immediately centrifuged and the serum was stored at –18 °C 
until biochemical measurement (AU640 chemistry immune analyser, Olympus) 
of ALP, ALT, AST, BHB and NEFA in the laboratory of the Department and 
Clinic for Production Animals, Üllő. The diagnosis of RFM, CM and CEM was 
established as described by Buják et al. (2018). 
The one-sample t-test was used to test the null hypothesis that the popula-
tion mean was equal to zero. For statistical testing two-tailed tests with a 5% lev-
el of significance were used. Multiple regression modelling was used to describe 
the relationship between parity and centred metabolic blood parameters. Logistic 
regression analysis was used to model the expected value of the binary response 
variables (CM/CEM; affected or non-affected) as a linear function of the P-
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centred explanatory variables. The explanatory variables were centred with sub-
tracting the mean from the predictor from the score of each observation. The 
main advantage of centring was the ease of interpretation. The expected value of 
a binary response variable labelled 0 for ‘no/non-affected’ and 1 for ‘yes/affected’ 
was the probability of the ‘yes/affected’ event, π. The model was fitted as follows: 
Logit (π) = log [π / (1 – π )] = β0 + β1x1 + β2x2 + … + βpxp 
In the logistic regression model, the parameter βi associated with explana-
tory variable xi represented the expected change in the log odds when xi in-
creased by one unit, conditional on the other explanatory variables remaining the 
same. Interpretation was simpler using exp(βi) which corresponds to the odds ra-
tio (OR). For statistical testing, two-tailed tests with a 5% level of significance 
were used. For the statistical analysis the STATA 14 software was used. 
The OR of 1.01 of CM on 11–20 DIM for ALP activity measured on d5 in 
the present study is of minor importance considering the fluctuations of up to 
22.8 IU in a month in healthy cows as suggested by Liu et al. (2012). The ORs of 
1.02, 1.01 and 1.01 for RFM, CM 0–5 and CM 6–10 DIM, respectively, found in 
the present study for the d0 AST sample indicate that AST might not be useful in 
predicting uterine disorders. The activities of ALT also showed no relationships 
with RFM, CM or CEM diagnosed in the early postpartum period. 
The prevalence of RFM increased with the number of parity (29.3% and 
46.3% for 2–3 and ≥ 4 parities and 26.5% for primiparous cows, respectively) 
and we have also found a relatively high overall prevalence of RFM (33.1%), in 
accordance with the results of Pohl et al. (2015), who diagnosed a 21% rate of 
RFM in multiparous and 5% in primiparous cows. 
More CM developed between 0–5 (OR = 10.11, P < 0.001) and between 
6–10 DIM (OR = 3.46, P < 0.001) if the cow had an RFM, and the recurrence of 
CM was more frequent among cows with RFM (OR = 4.28, P < 0.001). These 
results support the earlier observation of Dubuc et al. (2010). RFM had no effect 
on the development of CM or CEM between 11–20 DIM. 
This study showed that metabolic parameters indicative of NEB are 
strongly associated with, and have a predictive value for, CM and CEM in post-
partum dairy cows as found by Ospina et al. (2010) and Dubuc et al. (2010), re-
spectively. We observed an OR of 2.38 on CM 0–20 DIM for the NEFA level of 
sample d0 and of 2.58 on CM diagnosed between 11–20 DIM for the NEFA lev-
el of sample d5. Increased levels of serum BHB were associated with elevated 
risks of CEM (sample d0) and CM between 6–10 DIM (sample d5), that is in 
agreement with previous studies (Galvão et al., 2010; Giuliodori et al., 2013). 
Generally, we found no relationships between the activities of ALP, AST 
and ALT measured either at d0, d1 or d5 and parity. Serum BHB determined on 
day 1 showed a strong positive association with parity, suggesting that higher 
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parity might have also increased the risk of periparturient diseases like CM/CEM 
in the present study. 
In summary, although the activities of the examined enzymes did not show 
a significant predictive ability for the development of uterine disorders in our 
study, parameters of NEB seem to be useful in predicting RFM and CM/CEM in 
Holstein-Friesian cows.  
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